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ABSTRACT

Effects-based operations (EBO) are proving to be a vital part of current concepts of operations in military missions and
consequently need to be an integral part of current generation wargames. EBO focuses on the producing effects from
military activities, as opposed to the direct result of attacking targets. Alternatively, the emphasis of conventional
wargames is focused on attrition-based modeling and is incapable of assessing effects and their contribution to the
b, overall mission objectives. For wargames to be effective, they must allow users to evaluate multiple ways to
' accomplish the same goal with a combination of direct, indirect and cascading events (actions). The focus of this paper
is to describe the development of a methoedology for the implementatjpn of EBO concepts into modern wargames, The
design approach was to develop a generic methodology and demonstrate how simulation objects can incorparate EBO
capabilities. The authors will illustrate the application of the methodology utilizing an EBO scenario example, which
was developed 1o test the system.
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1. INTRODUCTION

Analysis systems are needed in the Military planning process to anticipate and respond in real-time to a dynamically
changing battlespace with counter actions, Complex technical challenges exist in developing automated processes to
derive hypotheses about future alternatives, Combat operations are conducted in the presence of uncertainly related to
the disposition and alternatives that might emerge as events unfold. Tt is virtually impossible to identify or predict the
specific details of what might transpire. Our rescarch interest is to develop techniques to assess specific planned
courses of actions (COAs) against the adversarial environment. Utilizing High Performance Computer (HPC) clusters,
multiple force structure simulations can be executed in parallel o concurrently evaluate the hypothesis of assessing a
given COA against a range of adversarial eCOAs [1]. The desired goal is to establish a means to evaluate the COA for
ctitical elements related to execution and timing as well as overall effectiveness in the presence of a range of adversarial
4 possibilities that may occur,

This paper addresses the technical challenge of supporting wargame simulations that assess modern campaign
approaches using EBO. Conventional wargaming simulations typically execute a pre-scripted sequence of events for an
adversary independent of the opposing force, commonly referred to as the blue force. In addition. conventional
wargames focus on attrition force-on-force modeling, whereas modern campaign strategies are a mixture of kinetic and
non-kinetic operations. One such campaign approach being pursued within the Air Force is EBO. Conventional
wargames are incapable of assessing an effects-based campaign approach,

EBO is an approach to planning, executing, and assessing military operations that focuses on the effects produced from I
military activities, as opposed to the direct result of attacking targets [2], EBO incorporates and expands upon |
iraditional approaches such as targets-based and strategy-to-task. A significant challenge for EBO is predicting and
assessing how blue force actions result in adversary behavioral outcomes, and how those hehavioral outcomes impact
the adversary commander's decisions and future actions. For wargame simulations to be effective in an effects based
arena, they must allow users to evaluate multiple ways to accomplish the same goal with a combination of direct,
indirect and cascading events (actions). Wargames must also be dynamic, in that the opposing force will react to blue
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force actions in an unscripted manner. This paper will describe the development of a generic methodology for the
implementation of EBO concepts into modern wargames, as well as demonstrate how simulation objects can
incorporate the EBO capabilities, This generic methodology concept can be used for implementation of operational-
level wargaming, taking into account EBO as well as atirition-based concepts,

2. OBJECTIVE

The objective of this research is 1o establish a modeling methodology that will demonstrate the techniques and methods
to include EBO operational concepts into virtually any event hased wargame simulator. Therefore, the approach is to
establish a generalized methodology that could be reasonably integrated into any applicable wargame simulation. A
secondary issue was to develop a modeling methodology that will allow a user to ereate an arbitrary EBO center of
gravity (COG) [3] model that will be transformed into a simulation model for execution. The goal is to develop 4 single
generic EBO simulation object capable of mimicking this arbitrary EBO behavior.

The following is a list of EBO modeling concepts that the system must be capable of emulating to establish an effective
COARCOA analysis framewoark:

- Arbitrary input attributes that can influence or contribute to the overall system state,

- The ability to target in some manner each attribute for some type of dismption or destruction.

- Awribute items can provide observable indicators that appropriately identify the direct or indirect
effect achieved.

- The ability for effects to be cascaded between multiple EBO model ohjects.

- The ability to support complex effects where multiple effects are used to achieved the overall
ohjective,

To verify that the generic methodology could be utilized for the implementation of EBO concepts inte modern
wargames, an EBO demonstration scenario was utilized to test the system. We chose a portion of an AFRI/IF notional
scenario, Operation DENY FORCE, which was designed to support a test case that highlights technologies developed
by AFRL. The scenario, which will be further discussed in Section 4, highlights application of kinctic and non-kinetic
operations, including Psychological Operations (PSYOPS), relating to achieving and maintaining Air Superiority within
a campaign plan. Tt should be reiterated that the scenario is notional, and the purpose was (o demonstrate how the
modeling methodelogy could be applied to build an EBO COG model and create simulation ohjects representative of
EBO capabilities for modern wargames,

The development process was divided into twd phases. The first phase was to develop the modeling and simulation
methodology as a stand alone capability andfthe second phase was to integrate the modeling system within a specific
wargame simulator. This paper discusses the first phase of the project. We selected the Synchronous Parallel
Environment for Emulation and Discrete-Event Simulation (SPEEDES) framewark [4] for developing the underlying
simulation models. This was a somewhat arbitrary selection process based on our desire in the second phase of the
project to integrate this EBO modeling methodology within our Force Structure Simulation (FSS) research project [3].

3. IMPLEMENTATION

The desire to simulate EBO characteristics as a behavioral object within a wargame simulator requires the conventional
attrition-based simulation framework to be extended in several ways. The simulation must be capable of simulating oot
only the standard direct kinetic events but also non-kinetic actions and indirect cascading events and complex
mteractions that control the state of specific COGs. Finally, a method to observe the simulation ohjects and chtain
indicators related Lo the state of the EBO object is required. A Java tool, referred to as “JavaCOG.” was developed to
support the creation EBO COG models and their related properties, developing an abstract COA and producing the
parameter file that the simulation requires. This section will discuss the construction of the EBO object, the event
structure, how the simulation responds to the events, and the JavaCOG tool.
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il Simulation Framework

The simulation framework was developed using C++ and the SPEEDES API [6). Every EBO simulation ohject is
created using the same base object class. In using this generic class approach, amy object can exhibit EBO
characteristics. The simulation object properties are initialized and constructed by parsing an input parameter file. This
parameter file contains the properties that define the simulation object including name, types of actions, the action’s
properties, and the other EBO cbjects it depends on, including their cascading event properties. A cascading event is
defined here as any property of a dependent node that will have an effect on the object. The EBO object creates its own
specific state structure by creating an array of possible actions and properties associated with those actions. The
simulation object also obtains the names of objects it relies upon; it receives events from those objects using the objects
name as a trigger string. The object then creates an array of all the dependant objects along with possible cascading
event properties, Object properties will be discussed in more detail belaw,

3.1.1  Event Framework

There are several types of events in the SPEEDES framework that were used in the simulation. This section will
explain what types of events were used, why they were selected and how the events function. The first type of event is
a point to point event where a simulation object schedules an event on another specific object. This event scheme is
used to schedule the COA actions on an object or scan an object for an indicator. The next event type is used to allow
an object to schedule an event on itself and control its internal state? for example, powering off a generator as fuel is
exhausted. These events are referred to as local events, When a simulation object is affected by a cascading event or a
COA event, the object calculates future actionsfreactions and schedules an event on itself to notify when the new state
begins.

Since the design approach taken was to have a dynamically coupled network, it’s essential for an object to schedule
events on multiple unknown objects. This final event type used for implementing cascading events is much more
complex, A cascading event is scheduled on objects that rely on an affected object and the relation matrix for
scheduling those events are unknown and arbitrarily complex. SPEEDES undirected event is well suited to accomplish
this task. Undirected events are scheduled using a trigger string. The event is broadeast to all simulation objects
subscribed to the specific trigger string. Therefore, when an ohjects state change creates a cascading event, the ohject
will schedule an event with its name as the trigger string and the properties affected as the data. The restriction implied
here is that each EBO objects must have a unique name.

31.2  Event Processing

The simulation objects must react 1o different types of events in different ways. As stated above there are many types of
events that are necessary to simulate EBO ohject behavior. This section illustrates how the simulation object will react
when it receives any of the events.

When a simulation cbject receives a COA event, the object identifies the type of action and then finds the properties
associated with that COA action. The simulation object then calculates the impact of the action using a random number
and the states probability properties to determine if the COA will have an effect on the object. If the COA fails to
produce an effect, the object continues operating normally. But, if the COA action produces an effect, the simulation
object updates its potential action list and schedules two local events. The first event scheduled controls the amount of
time delay between the COA action and when the objects state may change, the effect. The scheduled time for the
affected event is calculated by acquiring the current time then adding the delay time of the influencing action. The
second local event is scheduled for when the simulation object would recover from the direct action. This event is
scheduled by adding the recovery time to the current time plus the delay time.

The EBO object assesses its potential state change by testing to determine if any events were received that would cause
this new state change to be ignored. There are two reasons that could cause the state to be ignored. The first is that the
affect has already occurred and the ohject is already in that state or a new influencing factor eliminates the need for a
state change. For example, if the backup system was repaired before the delay time occurred then the object would
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remain operational, When all checks have been verified, the object schedules a cascading event to all of the objects that
have subscribed to its trigger string to inform those objects that it has been affected. When the simulation chject
receives a cascading event, the EBO object repeats the same analysis and behavior processes that were performed when

the COA event was detected, as described above. This type of event ripples through the simulation from object o
object.

The ability of a simulation object to recover from an affected state is an important feature that was also implemented.
An object can attempt to recover from an affected state after it receives one out of two events. The first type of event is
a local event that was scheduled on the object itself after it has been affected by a direct action. The second event is a
cascading event that signals the elimination of the indirect effect event that may change the abjects current state. These
two different recovery methods are both handled in virtually the same manner, and the object updates its array to reflect
the repair. To find the status of the object, the object evaluates its ‘objects and actions” arrays looking for an affected
object in the object amray or an affected action in the action amray. If all of the objects and actions are normal, then the
object can change its state from affected to operational. However, if there is an object still affecting it, the main object
will reevaluate its own state to determine if it is sl being affected. If the object can operate without the affected sub-
object, then the state changes. If it is still affected by an object or an action, then the current state will remain. [f the
simulation objects operational status has changed, then it must produce an event to inform the objects that depend on it
of the new status. The cascading recovery event is accomplished in a similar manner as the cascading event,

The last event type received by an object is a direct event to scan/query the EBO object in an attempt to observe the
objects indicators. The simulation PTOCEsSes 4 scan action by printing indicaters depending on the state. However,
before it prints out an indicator, it will check if the indicatar can be observed. Certain indicators can only be observed
between certain hours of the day. The EBO object will trv to print its indicator, and then evaluate all of the property
values for the objects it depends on, by checking if they are operational, and checking to see if the indicator (either
operating or influenced) can be printed out, By printing the indicators in this manner, it is possible to get mixed
indicators and therefore, more realistic indicatars. When the EBO object models are integrated into an actual wargame,
the printing functions will be replaced with an event structure to respond to the object that initiated the scan.

32 JavaCOG - Java COG authoring tool

JavaCOG is a Java-based authoring tool that has three main functions, Tt serves as a graphical way to develop COG
models and extends the models to include ERO characteristics. The authoring tool can be used 1o defing an abstract
COA to use in analyzing the COG system developed. The last function is 1o generate the parameter file for that is
required to build and simulate the COG systemn and apply the abstract COA for testing and analysis,

JavaCOG is comprised of three windows, as seen in Figure 1. The window on the right, the main window, is the
graphical way to represent the model. The window an the left is a tree representation of the nodes and the possible
actions that can be scheduled or actions that have®been scheduled. The bottom window is a summary of the current
abstract COA in a table format with additional debugging columns,

Properties are edited in the main window. Some properties are predefined as cascading properties. The cascading
praperty is defined in the relationship between the nodes and the directions of the arrows. The node at the tail of the
arrow relies directly on the node at the head of the amow. In Figure 1, the Power Grid relies directly on the Power
Plant. If the Power Plant is affected, then the Power Grid could be affected by a caseading event.

The user can further define a node’s properties by utilizing the editing mode. Figure 2 is an example of the screen a
user would see when editing the Work Force node. The top half of this screen allows the user to change the name of the
node, edit the actions, and edit the indicators for this node. On the lower half of the screen are the properties of all the
nodes that can affect the Work Force. The Influencing Attribute drop down menu allows the user to select the
influencing node to edit. The user can then select the probability that this influencing node will cause the main node to
be affected.  For example, in Figure 2, if the Transportation Infrastructure node was affected, there would be a high
probability that the Work Force node would be affected in a cascading event. Currently, the probabilities values are set
from 0.2 (very low) to 1.0 (very high), in increments of .2, INext, the user has the option to assign a complex effect for
the influencing node. A complex effect is defined where all of the influencing nodes must be affected to influence the
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main node. This translates to in this example, for the Work Force to he influenced: the Transportation Infrastructure
and another node must be influenced. In this example_ there is no complex effect for the Wark Force node.  The
notional Air Superiority example shown in Section 4 will illustrate complex effects. The next property that can be
edited is the delay time. The delay time is the amount of time it takes for the action to directly influence the main node.
The last properties to be edited are the indicators. The indicators in this section are in reference to the observations that
can be made at the main node (Work Force) that would indicate the state of the influencing node (Transportation
Infrastructure).

al. () dito
e = == = ==
Hile = —_ -
e s e i S
‘s -

T e 5 R = =
= _LgEnle s RS = Edit S )l SESch i3
- = Actions

@ E Power Grid
- =] Power Plant _
| @[5 Passible Actions i
% [= Scheduled Actions
D 32200 Bomb Power Plant
9 [ Work Force
| @[] Possible Aclions
| |— E Crop Leaflets
b D Bomb Parking Lot
2 [ Scheduled Actions
" [} 21350 Drap Leafiets
@ =] Transporation Infrastructure

e e o o e = iy T T

e oY
,E.,,Q
O ED

= Probakility| DelayTime | Retoe | TFossible DismuptT
211350 Drop Laaflats WWork Force |Vary Low  [2.0hrs {24 0hrs 121550 - 31550
32200 |Bormb Pawer Plant \Power Plant [VeryHigh  [0.0hrs [720.0hrs {3:2200- 33:2200 s
e — T NS e Ve TR L e~y B e s = T eaea|
<l L DT AT g e o = = e
- —_— s — e -

Figure 1. Example of JavaCOG

A fundamental feature of EBO is to influence the enemy by using kinetic and non-kinetic tactics. An object must be
able to react to different actions in different ways. Therefore, an object must know what type of actions can be taken
against it, and how to react. When modifying or creating an action, the user will have a window similar to Figure 3.
From this window the user can enter the properties that the simulation will need, such as the name of the action, the
delay time, the probability of success, and the amount of time it will it take for the object to recover from this action,

After the model has been created, an abstract COA set is developed with JavaCOG. The abstract COA is defined for
testing purposes and therefore contains sufficient information 1o test the modeling system.  The abstract COA consists
of the intended targeting action, when it will be applied and the object that will be targeted. The table in the batiom
window of Figure 1 of the JavaCOG screen represents a COA for this example. The table is comprised of seven
columns. The first three columns contain the COA information described above, and the last four columns assist the
user when creating the COA test set.  All of the information contained within this table was input during the model
creation stage, with the exception of the “Time”, The “Time” column is the time when the action is scheduled. The
time format is day:time, therefore 2:1350 is read as on day 2 at 1350, The next two columns represeat the action to
take, and the node for which the action is scheduled, The first action scheduled in the COA shown in Figure 1 is to drop
leaflets on the Work Force node on day 2 at 1350,

As stated above, the next four columns serve to assist the user in viewing key GOC attributes when creating the COA
test set. The probability column displays the likelihood of success of that action on the given node. The next two
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columns refer to the delay und recovery time for the scheduled action on the node.  The last column represents the
actual time the node would be affected, if the action was successful. The first row of the table in Figure 1 can be read as
follows: on day 2 at 1350 a drop leaflets action will pe performed on the Work Force node, j
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Once the COG model is complete and a COA test set has been developed, the next step is to simulate the COA. The
JavaCOG tool has been developed to generate 1 SPEEDES parameter file which can be utilized within the simulation.

4. RESULTS

To verify the operational goals and that the generic methodology was achieved, numerous test sets were constructed and
analyzed during development. The final analysis process was to utilize an existing documented EBO demonstration
scenario to test the system. We chose an Air Superiority scenario, which highlights the application of kinetic and non-
kinetic operations, including PSYOPS. In addition to the various types of operations, numerous types of effects have
been implemented, including direct, indirect, complex, cumulative and cascading [7],

4.1 EBO COG Model

The Air Superiority COG model is shown in Figure 4. This model is far from complete, but is complex enough 1o
demenstrate the validity of the methodology and that the system can be applied in more complex EBO scenarios. The
COG model was developed, such that for the blue force 1o achicve Air Superiority: the C2, Radar Sites and SAM Sites
must all be inoperative. As you can see in Figure 4, each of these nodes is reliant on other nodes, as depicted by the
head of the arrows. The way to interpret the COG model is as follows: the C2 node depends on the computer sysiem
and the Radar Sites to perform adequately; the Radar Sites depend on the Generators, Radar Comm and the Power Grid,
and so forth. However, all of these dependencies should not be interpreted as a complex effect in our model, Case in
point, the Radar Sites depend on a power source (Generators ar Power Grid) to operate and not necessarily Comm,
Similarly, the Power Grid requires either the Power Plant or the Backup Power Grid for operation, and not necessarily
the Work Force.

To further define the types of EBO effects within our model, a brief explanation follows. An example of a direct effect
would be bombing the Generators to make them inoperative. An indirect effect of this action would be the impact on
the Radar Sites. However, as described previously, the Radar Sites would still be operational until the Power Grid is
affected, hence a complex effect. A cumulative effect can be defined as follows: taking a direct action on the Power
Plant and the Backup Power Grid will result in the Power Grid being inoperative. This will also result in the SAM
Production Sites being inoperative, which will eventually lead to no SAMs, which results in the SAM Sites being
inoperative. A cascading effect can be described in this scenario as the end result of taking direct actions over time on a
number of the nodes below the C2, Radar Sites and SAM Sites resulting in the blue force Air Superiority. Once the
COG model was completed with dependencies between nodes, along with applicable data, a COA was developed.

4.2 COA Development

The COA test set is outlined in Table 1, which is a screenshot of the lower portion of the main JavaCOG window for
this COA. Refer to Section 3.2 for further details concerning the specific categories of Table 1. The goal of the blue
force COA is to achieve Air Superiority, To accomplish this, because of the complex effect nature of the COG model,
the C2, Radar Sites and SAM Sites need to be rendered inoperative. The order in which the actions were accomplished
is reflected in the Table. The goal was to; first take down the Radar Sites, followed by the SAM Sites, and finally the
C2 node. The timings were such that the COA lasted for about a day and a half. Leaflets were dropped on day 1 at
0400 to affect the Work Force followed by dropping a bomb on the Generators at 0430, The next action is to scan the
Radar Sites indicator to determine if the desired effect has been achieved. If still operational, the next action in the
COA would be to take out the Power Plant followed by the High Power Lines that connect the Backup Power Grid to
the Power Grid. If successful, the Radar Sites would now be inoperative,

The next goal is to render the SAM Sites inoperative. Assuming the blue force was successful in taking down the
Power Grid, the SAM Production Site would already he inoperative. Destroying the POL for SAMs would eliminate
the threat of SAMs. The last node to impact blue force Air Superiority is the adversary C2 node. The nerwork is
targeted to cause confusion and the inability to order in back up forces. The last action is to scan the Ar Superiority
indicator to see if it has, in fact, been achieved, The COG is complete, the COA has been fully developed, and now the
COA will be saved as a SPEEDES parameter file for input to the simulation tool.
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Drop L i
1:0430  [Bomb Gensrator Generators
1:1200  |Scan Radar Sites
1:2330  Bomb Power Plant FPower Plant
1:2330  [Destroy High Power Lines  [Backup Power Grid
2:0030 |Scan . Radar Sites
2:0200  |Destroy POL fof SAMS POL for SAMs
20300 [Take down NEtwork Compuier System
20800  [Scan c2
21000 |Scan Air Superiority

Table 1. Air Superiority COA
43 COA Analysis

Affter running the simulation in brief reporting mode with the parameter file generated from the Air Superiority data set,
the results were manually verified and can be viewed in Figure 5. In brief reporting mode, the only output displayed is
when an object is scanned for indicators; this is accomplished by scheduling a corresponding COA action, The first
observation detects electromagnetic waves, which is the indicator for an operational radar site. This indicates that one
of the COA actions was unsuccessful at affectin 2 their object. The next three observations show the COA actions were
successful in affecting the Radar Sites, C2, and Air Superiority objects, respectively.

To further analyze the resulis and understand the behavior within the COG, the simulation was also run in verbose

mode. The output is shown in Figure 6. In this debugging mode, the simulation will display information explaining
why the object was or was not affected. The simulation prints out events; results of COA actions, recovery actions and
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cascading events, as well as displaying the complex effects. The first two lines show the possible results of a COA
action. The first line explains that the Dropping of Leaflets on the Work Force was unable to affect that object. The
next Iine indicates that the Bomb Generator action on the Generators was successful. The third line in Figure 6
demonstrates a direct and complex effect that results in the Power Grid object remaining unaffected. While lines §-19
display more cumulative and complex effects, with both successful and unsuccessful results, First, two COA actions
occurred, one on the Power Plant and the ther on the Backup Power Grid, then the simulation displays the cumulative
effects on the Power Grid that ripple on to the Radar Sites and SAM Production Sites. Followed by line 15 where the
simulation displays that the C2 object is still operating after the radar sites have been affected.

Scanning Radar Sites on day 1 at [12:00
Electromagnetic Woves

Scanning Radar Sites on day 2 a 00:30
No Electromagnetic Waves

Scanning C2 on day 2 o1 08:00
Inter-node messages less then 30% pormal

Scanning Air Supetiority on day 2 at 10:00
US aircraft has unfettered access

&
Figure 3. Simulation Outpa

Work Force is operating after Drop Leaflets onday | at 04:00
Generators is affected by Bomb Generator on day 1 at (4:30
Generators is down but Power Grid is still operating keeping Radar Sites running

Scanning Radar Sites on day 1 at 1200
Electromagnetc Waves

Power Plant is affected by Bomb Power Plant on day [ at 23:30

Power Plant is down but Backup Power Grid is still aperating keeping Power Grid running
Backup Power Grid is affected by Destroy High Power Lines on day 1 ar 23:30

Power Grid is affected by Backup Power Grid disruption on day 1 ar23:30

Radar Sites is affected by Power Grid disruption on day 1 at 23:30

SAM Production Sites is affectad by Power Grd on day 1 ar 2330

Radar Sites is down but C2 is still operating keeping Air Superiority running

i 2 s still operating without Radar Sites

SAM Sites is still operating without Radar Sites
SAM Production Sites is down but POL for SAMs is still operating keeping Sam Sites Tunning

Scanning Radar Sites on day 2 at (0:30
No Electromagnetic Waves

Computer System is affected by Take down Network on day 2 at 03:00
C2 is affected by Computer Systemn on day 2 at 03:00
€2 is down but Sum Sites is still operating keeping Air Superiority running. .

Repairing Backup Power Grids Destroy High Power Lines on day 2 at 23:30
Backup Power Grid is operating again on day 2 at 23:30

Repairing Power Grid's Backup Power Grid on day 2 ar 23:30

Power Grid is operating again on day 2 at 2330

Repairing Radar Sites's Power Grid on day 2 a1 23:30

Figure 6. Simulation Output in Debuyg Mode
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In this example the goal of Air Superiority was achieved on day 2 at 0800 and lasted until the repair event of the High
Power Lines of the Backup Power Grid on day 2 at 1130. The beginning of the repair event is displayed on the bottom
of Figure 6, After the repair of the Backup Power Grid, the first repair event is sent to the Power Grid, which recovers

and sends a repair event to the Radar Sites and the 5AM Production Sites. These two ohjects then recover and send
their own repair events.

5. FUTURE WORK

The final changes are being made to the EBD modeling system to expand the variability of the EBO model behavior. J
Currently the probability enumeration types selected identify distinet values and the simulation run is deterministic !
based on those initial values. The final step is to replace the value selected with a range that is evaluated with a random '
function during simulation. Modification of random seed values will create unique simulation results. The existing i
enumeration values will be replaced with an expanded set of overlapping range structures to truly emulate the
uncertainly of events that may occur.

Once the implementation concept is confirmed, the next phase of the project, as mentioned previously, is to integraie the
system with an existing wargame simulator, There are two approaches possible to achieve the integration. First, a High 2Lk
Level Architecture (HLA) [8] interface can be developed that will allow any HLA compliant simulation framework to UEAE
utilize the developed modeling system. The second approach is Lo integrate the EBO modeling system directly into a B
compatible simulation framework. We selected the later approach to integrate directly with our SPEEDES based s
research wargame, FSS. The code will be archived and made available to anyone that would like to develop the HLA ]
implementation, | BT

The integration of the EBO modeling system into the wargame simulator will require three modifications to the - 33

evaluation system developed in phase one. First, the EBO of fects generator will be removed from the system or | WL

modified to support analysis rather than defining the execution scenario. The COA scenario will be replaced with the IR
scenario generation capability utilized with our FS§ system. Second, the model data set generator will he merged and 7 I'._;.':
integrated with the FSS system to define and build the EBO object models, Fnally, the EBO models themselves will be | Eii i
modified to conform to and execute with the FSS simulation framework. This capability will then be utilized within our 3]
research test-bed to support our COA/RCOA research zoals,

5.1 Conelusion

The COG editor allowed us to easily create a variety of new EBO model structures and with the underlying simulation
system. evaluate the EBO effects. Multiple EBO COG models and test sefs were developed to test and evaluate the
system. The test sets were automatically convertegl into a simulation data set and evaluated for accuracy and realism.
The EBO simulation models lay the groundwork for integrating the modeling concept into a full featured Wargame .
simulator. The modern wargame simulators will then suppart an operational level EBO COA analysis process, taking 1

into account direct, indirect, complex, cumulative and cascading effects. The next phase of developing the integrated '
simulation environment is under development. The top technical challenge to the successful integration of the
framework will be in creating the semantic interface that needs o be established between the EBO models and _
utilization of the indicators as observations by the wargame simulator. H |
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